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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain soldered wire in which a thermal creep 
phenomenon is hard to be generated even in a high temp, environment, excellent in heat 
resisting strength, also free from the generation of whiskers and contg. no harmful lead 
by providing the outer circumference of a metallic elemental wire with a soldering layer 
having a compsn. in which specified amounts of silver and copper are incorporated into 
tin. 

SOLUTION: Tin-silver-copper alloy soldered wire 1 is composed of metallic elemental 
wire 2 such as copper wire, copper alloy wire or the like and a hot dip soldering layer 3 
composed of, by weight, 0.5 to 10.0% silver, 0.01 to 2.0% copper, and the balance tin 
formed on the outer circumference. In the case the soldered wire 1 is joined to a through 
hole 15 in a printed circuit board 14 by a brazing filler metal 5, the soldered wire 1 is 
soldered with a copper- applied layer 16 in the substrate 14. In the case, e.g. tin-lead 
alloy solder is used as the brazing filler metal 5, the plating layer 3 starts to melt, silver 
and tin therein respectively disperse and elute into the brazing filler metal 5 in the joined 
part A, and on the joined part A, a layer 4 increased in the contents of silver and tin and 
reduced in the content of lead deteriorating its heat resisting strength is thickly formed. 
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PROBLEM TO BE SOLVED: To obtain soldered wire in which a thermal creep 
phenomenon is hard to be generated even in a high temp, environment, excellent 
in heat resisting strength, also free from the generation of whiskers and 
contg. no harmful lead by providing the outer circumference of a metallic 
elemental wire with a soldering layer having a compsn. in which specified 
amounts of silver and copper are incorporated into tin. 

SOLUTION: Tin-silver-copper alloy soldered wire 1 is composed of metallic 
elemental wire 2 such as copper wire, copper alloy wire or the like and a hot 
dip soldering layer 3 composed of, by weight, 0.5 to 10.0% silver, 0.01 to 2.0% 
copper, and the balance tin formed on the outer circumference. In the case the 
soldered wire 1 is joined to a through hole 15 in a printed circuit board 14 by 
a brazing filler metal 5, the soldered wire 1 is soldered with a copper- 
applied layer 16 in the substrate 14. In the case, e.g. tin-lead alloy solder 
is used as the brazing filler metal 5, the plating layer 3 starts to melt, 
silver and tin therein respectively disperse and elute into the brazing filler 
metal 5 in the joined part A, and on the joined part A, a layer 4 increased in 
the contents of silver and tin and reduced in the content of lead deteriorating 
its heat resisting strength is thickly formed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 

3 .In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the solder plating line which does not contain the lead component which has 

improved the heat-resistant intensity of the soldered-joint section especially about a solder plating line. 

[0002] 

[Description of the Prior Art] From the former, as a solder plating line, since what prepared the tin-lead-alloy solder plating layer 
in the periphery of a metal strand is excellent in solder plating workability or soldered-joint workability, generally it is widely 
used for the electrical machinery and apparatus or the electronic equipment member. However, recently, improvement in the 
heat-resistant intensity of the soldered-joint section comes to be called for with the mimaturization of an electrical machinery and 
apparatus or electronic equipment, and highly-efFicient-izing from a viewpoint to which hot environments and the bird clapper of 
inside of a device increase, and it raises the reliability of the device under hot environments, and what is excellent in heat-resistant 
intensity also about a solder plating line is required. Moreover, the quantity by which an electrical machinery and apparatus and 
electronic equipment are disposed of as industrial waste also increases with rapid increase of production of an electrical 
machinery and apparatus or electronic equipment, the problem of the environmental pollution by a toxic substance vanishing from 
these devices by which the disposal was carried out is pointed out, and the solder plating line which does not contain a toxic 
substance has come to be called for. 
[0003] 

[Problem(s) to be Solved by the Invention] However, while the tin-lead-alloy solder plating line was equipped with many 
advantages on use, such as excelling in plating workability and soldered-joint workability, as mentioned above, when it is inferior 
to reliability in respect of the heat-resistant intensity of the soldered-joint section as a problem on a property and is especially used 
by hot environments, it tended to produce a thermal-creep phenomenon in the soldered-joint section of a tin-lead-alloy solder 
plating line and other members, and it had the big fault that a solder plating line fell out from the soldered-joint section. 
Furthermore, lead is eluted in an underground water by acid rain etc. as a problem on environment from the tin-lead- alloy solder 
plating line disposed of as industrial waste, environment is polluted, and the danger that this will be further taken in in a human 
body came to be pointed out. If lead is taken in inside of the body, it will cause the shape of a toxipathy, such as ischemia, 
abdomen gripes, acute encephalopathy, peripheral neuropathy, and nephropathy. Therefore, development of the solder plating line 
which does not contain lead detrimental to a human body had become pressing need. 

[0004] As a plating line which does not contain detrimental lead, there is a tinning line which galvanized the tin metal simple 
substance, and it is widely used from heat-resistant intensity being comparatively high. However, there is a property in which a 
tin-whisker-like single crystal and a whisker occur from a tinning layer after plating processing in a tinning line, and, moreover, 
the inclination to grow up so long that plating thickness become thick again so that this whisker is put on elevated-temperature 
atmosphere was seen. For this reason, when a tinning line was used for the electronic equipment used as elevated-temperature 
atmosphere, there was a danger that generating of a whisker would cause short circuit accident owing to, and there was a problem 
in using it for the electronic equipment used as elevated-temperature atmosphere. 

[0005] Then, the purpose of this invention is [ that it is hard to produce a thermal-creep phenomenon under hot environments ] 
excellent in heat-resistant intensity, and is to offer the solder plating line which does not contain the detrimental lead which does 
not generate a whisker. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the solder plating line of this invention is 
characterized [ constitutional ] by preparing the solder plating layer of the composition which silver becomes 0.5 to 10.0% of the 
weight, and the remainder becomes [ copper ] from tin and an unescapable impurity 0.01 to 2.0% of the weight in a metal strand 
periphery. 
[0007] 

[Function] Drawing 3 explains an operation of the tin-silver copper alloy-plating layer of the solder plating line of this invention, 
and an effect. Drawing 3 (a) is cross-section explanatory drawing showing the state where the solder plating line 1 of this 
invention was joined to the through hole 1 5 of a printed circuit board 14 by brazing filler metal 5, and the tin-silver copper alloy 
solder plating line 1 inserted in the through hole 1 5 is soldered by the copper-clad layer 16 and brazing filler metal 5 of a printed 
circuit board 14. Drawing 3 (b) is the expanded sectional view of the joint part A of the tin-silver copper alloy-plating layer 3 of 
the solder plating line 1 , and brazing filler metal 5 . For example, drawing 3 (b) explains the example at the time of using 
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tin-lead-alloy solder for brazing filler metal 5. In brazing- and-soldering process, the tin-silver copper alloy-plating layer 3 of the 
solder plating line 1 is ****, and While the silver in the plating layer 3 is spread into the brazing filler metal 5 of the joint part A, 
the tin in the plating layer 3 is eluted into the brazing filler metal 5 of the joint part A, the content of the silver which raises 
heat-resistant intensity, and tin increases to the joint part A, and the layer 4 in which the leaden content to which heat-resistant 
intensity is reduced decreased is formed, consequently, the joint A of the tin-silver copper alloy solder plating line 1 and brazing 
filler metal 5 -- silver and a tin component - the layer which improved is formed thickly, and a heat-resistant creep property also 
improves Furthermore, if the tin-silver copper alloy brazing filler metal of the same composition as the plating layer 3 of the 
solder plating line 1 of this invention is used for brazing filler metal 5, the layer in which the lead component for which 
heat-resistant intensity is reduced does not contain the joint part A will be formed, and the rise creep property of heat-resistant 
intensity of the joint A of the tin-silver copper alloy solder plating line 1 and brazing filler metal 5 will also improve much more 
further. 

[0008] Next, in the tin-silver copper alloy solder plating line 1 of invention, the reason which limited the content of the silver of 
the alloy solder plating layer 3 to 0.5% - 10.0% is because the melting point of alloy solder does not fall so much but it is inferior 
to hot-dipping nature, when the effect of the improvement in a heat-resistant creep property is not seen for a silver content at less 
than 0.5%. Moreover, when a silver content increases more than 10.0%, a heat-resistant creep property is because there is a fault 
to which the material cost of the plating line 1 becomes high, when the melting point of alloy solder becomes high too much and it 
is inferior to hot-dipping nature, although it improves. Moreover, a copper component is added in this alloy solder plating layer 3 
for making hot-dipping work easy to lower the melting temperature of alloy solder and to carry out in order to raise plating 
appearance properties, such as gloss of the alloy solder plating line 1, and surface smoothness, the copper content of the reason 
which limits a copper content to 0.01% - 2.0% is because it is few and it is for the melting temperature of alloy solder not falling, 
either, a copper-tin alloy will precipitate during a hot-dipping bath if a copper content increases more than 2.0% again, and the 
effect of the improvement in a plating appearance property becomes the cause by which this adheres to the front face of the 
plating layer 3, and worsens plating appearance, at less than 0.01% 

[0009] Moreover, since the plating layer 3 is formed with the tin-silver copper alloy, the solder plating line 1 of generating of the 
whisker looked at by the tin simple substance plating line of this invention is completely lost. 

[0010] Moreover, since the solder plating line 1 of this invention does not contain lead in the plating layer 3, it does not do 

influence detrimental to a healthy side or an environmental side. 

[0011] 

[Example] Hereafter, this invention is explained based on an example. In addition, thereby, this invention is not limited. Drawing 
is the cross section of the solder plating line 1 of this invention. It consists of a melting solder plating layer 3 of the composition 
which the silver which formed the solder plating line 1 in the periphery of the metal strands 2, such as copper wire or a copper 
alloy line, and the metal strand 2 becomes 0.5 to 10.0% of the weight, and the remainder becomes [ copper ] from tin and an 
unescapable impurity 0.01 to 2.0% of the weight. 

[0012] Next, the manufacturing process view of drawing 2 is met and the manufacture embodiment of the solder plating line 1 of 
this invention is explained. The melting solder plating bath tub 6 has the inlet 1 1 of the metal strand 2 and the inert-gas inlet 1 0 
which were prepared the plating liquid part containing melting solder plating liquid 7, and above the oil level of melting solder 
plating liquid 7, and the derivation mouth 12 of the solder plating line 1 formed in the oil-level perpendicular upper part of 
melting solder plating liquid 7, and has the composition that the whole oil-level upper part of melting solder plating liquid 7 was 
covered in the atmosphere layer of inert gas 8. In the melting solder plating bath tub 6 of this composition, the melting solder 
plating liquid 7 of the composition which consists of 3.5% of silver, 0.5% of copper, and remainder tin is held at 250 degrees of 
solution temperature C, and nitrogen gas is introduced as inert gas 8 from the inert gas inlet 10, and the whole oil-level upper part 
of melting solder plating liquid 7 is covered in a nitrogen gas atmosphere layer. Next, the run direction was converted by the 
block 1 3 within melting solder plating liquid 7, it pulled out from the oil level of melting solder plating liquid 7 to the 
perpendicular upper part, air cooling was derived and carried out [ the annealed copper wire 2 with an outer diameter of 0.5mm 
was introduced into melting solder plating liquid 7 from the copper-wire inlet 11,] from the solder plating line derivation mouth 
12, and the solder plating lin e 1 with 10 micrometers \ in plating thickness 1 and a workmanship outer diameter of 0.52mm was 
obtained. In addition, in this melting solder plating bath tub 6, it can adjust to desired plating thickness only by controlling plating 
linear velocity, without using a workmanship dice by pulling out the solder plating line 1 from melting solder plating liquid 7 to 
the perpendicular upper part. 

[0013] Although cross-section circle-like annealed copper wire was used for the metal strand 2 in the above-mentioned 
embodiment, the configuration of the metal strand 2 may be the annealed copper wire of the shape of the shape of a cross-section 
rectangle, and a cross-section square according to a use, and even if the quality of the material of the metal strand 2 is a copper 
alloy, of course, it is not what deviates from this invention in any way. 

[0014] About the solder plating line 1 of this invention manufactured by the above, the result which performed the evaluation 
examination of a heat-resistant creep property and the whisker generating examination is described below. 
[0015] - The solder plating copper wire 1 with 10 micrometers [ in plating thickness ] and a workmanship outer diameter of 
1 0. 52mm manufactured by the above-mentioned example mode was used for the example sample of a heat-resistant creep 
characteristic test-this invention. In addition, tin-lead-alloy solder plating copper wire with a workmanship outer diameter of 
0.52mm which carried out hot dipping of the 63% alloy of 37%-tin of lead at 10 micrometers in plating thickness was used for 
annealed copper wire with an outer diameter of 0.5mm as a conventional example sample. As for the sample, the example sample 
and the conventional example sample prepared five respectively. After soldering Sample W to the through hole 15 with a bore 
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diameter [ of the copper-clad printed circuit board 14 ] of 1mm and soldering each sample W to a printed circuit board 14 by 
through and 63% alloy brazing filler metal 1 7 of 37%-tin of lead so that a test method may be illustrated to drawing 4 , where a 
1kg load is hung to the terminal of Sample W, it puts in in a thermostat with a temperature [ C ] of 130 degrees. And elapsed time 
after putting into a thermostat until Sample W falls out from the through hole 15 of a printed circuit board 14 was measured. It 
considered as evaluation of a heat-resistant creep property with this elapsed time. A test result is shown in Table 1 . In addition, 
the measuring time of Table 1 is the average of five samples. It turns out that the tin-silver copper alloy solder plating line 1 of 
this invention is excellent in a heat-resistant creep property, and its heat-resistant intensity of the soldered-joint section is 
improving so that clearly from this result. 
[0016] 
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[0017] - The solder plating copper wire 1 with 10 micrometers [ in the same plating thickness of structure ] and a workmanship 
outer diameter of 0.52mm was used for the example sample of a whisker generating examination-this invention with having used 
for the above-mentioned heat-resistant creep characteristic test. Moreover, tinning copper wire with a workmanship outer 
diameter of 0.52mm which carried out hot dipping of the tin at 10 micromete rs in plating thickness was used for copper wire with 
an outer diameter of 0.5mm as an example sample of comparison. As for the sample, the example sample and the example sample 
of comparison prepared five respectively. The whisker generating examination measured time after paying each sample to a 
thermostat with a temperature [ C ] of 50 degrees and putting into a thermostat until a whisker occurs in each sample. The 
generating check of a whisker was observed by one 2000 times the scale factor of this using the scanning electron microscope. A 
test result is shown in Table 2. In addition, the measuring time of Table 2 is the average of five samples. 
[0018] 
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It was checked that generating of the whisker from which the tin-silver copper alloy solder plating line 1 of this invention causes 

short circuit accident is not seen at all so that clearly from the result of Table 2. 

[0019] 

[Effect of the Invention] The tin-silver copper alloy solder plating line of this invention does the following effects so, when it uses 
as path cords, such as electronic equipment. (1) Since it is hard coming to generate a thermal-creep phenomenon when the 
heat-resistant intensity in the soldering section improves and it is put on elevated-temperature atmosphere, the accident on which 
a solder plating line drops out of the soldering section is eliminated, and the reliability of the soldered-joint section improves. (2) 
Since there is no generating of a whisker, the danger of the short circuit accident which considered the whisker as the cause 
disappears. (3) Since the lead component detrimental to a human body is not contained, the safety of a healthy side and 
environmental side is secured. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The solder plating line characterized by preparing the solder plating layer which silver becomes 0.5 to 10.0% of the 
weight, and the remainder becomes [ copper ] from tin and an unescapable impurity 0.01 to 2.0% of the weight in a metal strand 
periphery. 
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